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(54) Fluidic chevrons and configurable thermal shield for jet noise reduction 



(57) A system for jet engine noise control of a jet 
engine having a main jet (32) stream exiting an exhaust 
nozzle (44) and flowing along a jet axis (30) includes a 
thermal acoustic shield (42) directed at a non-zero angle 
relative to the jet axis (30). The thermal acoustic shield 



(42) may be configurable about the main jet (32) stream. 
The system may further include at least a fluidic chevron 
(40) injected at a location relative to the nozzle exit (44) 
for enhancing mixing in the main jet (32) stream and cre- 
ating a non-circular jet stream. 



FIG. 3 
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Description 

[0001] This invention relates generally to a method 
and system for reducing jet noise, and, more particular- 
ly, this invention relates to a method and system for jet 
noise reduction which can be selectively employed dur- 
ing noise sensitive portions of flight. 
[0002] Exhaust jet noise is a major concern given the 
increasing demands on aircraft engines to reduce com- 
munity noise levels. Jet engines produce reaction thrust 
by ejecting a high velocity stream of gas rearward from 
the exhaust nozzle or tail pipe of the engine. One of the 
problems of airplanes equipped with jet engines is that 
the exhaust stream creates a very high level of sound 
energy or "noise" in a wide range of frequencies, and a 
portion of this noise reaches the ground from low flying 
airplanes, as during takeoff and climb, at an energy level 
which is not acceptable to the public. 
[0003] Mechanical chevrons are used in commercial 
engines to enhance mixing in the exhaust jet shear layer 
and reduce jet noise. Mechanical chevrons, however, 
have the disadvantage that they introduce losses in the 
engine cycle which persist for the entire duration of the 
flight beyond the noise-sensitive portions of the flight 
such as landing and take-off. 

[0004] The above discussed and other drawbacks 
and deficiencies are overcome or alleviated by a system 
for jet engine noise control of a jet engine having a main 
jet stream exiting a nozzle exit and flowing along a jet 
axis. The system includes a thermal acoustic shield di- 
rected at a non-zero angle relative to the jet axis. 
[0005] I n another embodiment, the system includes a 
thermal acoustic shield configurable about the main jet 
stream. 

[0006] In another embodiment, the system includes 
f luidic chevrons injected at a location relative to the noz- 
zle exit for enhancing mixing in the main jet stream and 
creating a non-circular jet stream and a thermal acoustic 
shield directed at a proper angle to the jet axis for se- 
lective noise reduction. 

[0007] The invention will now be described in greater 
detail, by way of example, with reference to the draw- 
ings, in which:- 

FIG. 1 shows a perspective view of a jet in cross- 
flow; 

FIG. 2 shows a perspective view of trailing vortices 
in a main jet stream created by f luidic chevrons; 

FIG. 3 shows a side plan diagrammatic view of flu- 
idic chevrons and a configurable thermal shield em- 
ployed adjacent a jet engine nozzle; 

FIGS. 4A-4C shows side plan diagrammatic views 
of an engine exhaust nozzle with injection port lo- 
cations; 



FIG. 5 shows a front plan diagrammatic view of a 
thermal acoustic shield about a main jet stream con- 
figured for flyover noise reduction; 

5 FIG. 6 shows a front plan diagrammatic view of a 
thermal acoustic shield about a main jet stream con- 
figured for lateral noise reduction; 

FIG. 7 shows a thermal acoustic shield; 

10 

FIG. 8 shows experimental data on the noise reduc- 
tion (of jet noise) directivity obtained by use of a par- 
allel thermal acoustic shield (TAS) at angles from 
40 to 1 60 degrees to the engine inlet forf requencies 
15 from 250 to 4000 Hz.; 

FIG. 9 shows theoretical calculations assessing the 
transmission loss through a 6" thermal acoustic 
shield (TAS) which is at about 1000 degrees F tem- 
20 perature and with Mach number of 0.55 at frequen- 
cies from 125 to 500 Hz and at angles to the inlet 
axis from 90 to 125 degrees; 

FIG. 1 0 shows a graph of the perceived noise level 
25 (PNL) suppression obtained on an annular plug 
nozzle jet by use of a TAS as a function of angle 
from the inlet; and, 

FIG. 11 shows a graph of the perceived noise level 
30 (PNL) suppression obtained on a nozzle equipped 
with a mechanical suppressor by use of a TAS as a 
function of angle from the inlet. 

[0008] A system for jet noise reduction includes the 
35 synergistic use of flu idic vortex generators (flu idic chev- 
rons) and a configurable thermal shield to reduce ex- 
haust jet noise. Fluidic chevrons are used to enhance 
mixing in the jet shear layer and break up large scale 
structures which contribute significantly to the perceived 
40 noise level. A thermal shield is used both to attenuate 
and reflect noise above a certain frequency threshold. 
The shield is preferably configurable to reduce noise in 
specific directions at different stages of the flight mis- 
sion. 

45 [0009] Turning now to FIG. 1 , a jet 10 flowing along 
direction 12 is injected into a crossflow 14 moving in di- 
rection 16 which is, by example, shown to be approxi- 
mately perpendicular to the direction 12 of jet 10. The 
outcome of the interaction between jet 1 0 and crossflow 

50 14 may include several vortical structures including jet 
shear layer vortices 18, horseshoe vortices 20, and 
wake vortices 22, where a vortex is defined as a fluid 
element having a whirling or circular motion relative to 
the main flow. Also, the interaction between jet 10 and 

55 crossflow 14 generates a counter rotating vortex pair 24 
which is steered by the crossflow in a direction close to 
the crossflow direction 16. The counter rotating vortex 
pair 24 may assist in enhancing mixing between the jet 
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10 and the crossfiow 14. 

[0010] The jet 10 may be a steady or pulsed vortex 
generator jet ("PVGJ"). The jet 1 0, or plurality of jets 1 0, 
are injected around an aircraft engine exhaust nozzle 
for mixing enhancement in the exhaust main flow and 
jet noise reduction, as will be further described. Jets 1 0 
as described create the chevron effect fluidically rather 
than mechanically. These jets, injected adjacent a jet 
engine nozzle 44, generate streamwise vortices which 
enhance mixing in the main exhaust flow. FIG. 2 illus- 
trates the streamwise vortices generated by the injec- 
tion of jets 1 0 in the main exhaust flow. The trailing vor- 
tices 34 correspond to the counter rotating vortex pair 
24 of FIG. 1. 

[0011] The fluidic chevrons 40 (which comprise of jets 
10), also diagrammatically depicted in FIG. 3, may in- 
clude small steady/pulsed vortex generator jets injected 
into the main jet shear layer at a proper angle relative 
to the exhaust jet axis. The injection angle may vary be- 
tween 0 and 60 degrees. A number of jets, preferably 
between 16 and 32, can be placed, equally spaced, 
around the jet exit outer diameter. Also, as indicated in 
FIGS. 4A - 4C, the injection ports of the vortex generator 
jet ("VGJ") may be located at the exhaust nozzle lip (in- 
ternally and/or externally) and/or at the exhaust nozzle 
inner wall upstream from the nozzle exit. The fluidic 
chevrons 40 are capable of enhancing mixing through 
the shear layer of jet 32 by introducing streamwise vor- 
ticity. This feature of the fluidic chevrons 40 can induce 
a significant reduction in perceived noise. 
[0012] Fluidic chevrons 40 may further be used to pro- 
duce a number of different jet engine configurations at 
different stages of the mission for maximum overall 
noise reduction benefits. For example, non-uniform de- 
ployment of the fluidic chevrons around the jet engine 
nozzle yields non-circular exhaust jet configurations, for 
maximum sideline benefit during take-off roll and climb 
out. 

[0013] Also shown in FIG. 3 is a configurable thermal 
shield 42 created adjacent the jet engine nozzle 44. The 
thermal acoustic shield 42 is a thin layer of flow that par- 
tially surrounds the main jet 32 and is characterized by 
a proper combination of velocity and speed of sound. 
The Mach number of the shield flow is below the main 
jet Mach number and may be between 0.2 and 1.1, and 
preferably ranges from 0.4 to 0.9 and the speed of sound 
in the shield flow may range from 1 .0 to 2.5 times the 
speed of sound in the ambient atmosphere, and prefer- 
ably ranges from 1 .25 times to twice the speed of sound 
in the ambient atmosphere. It should be understood that 
although preferred ranges are provided, alternate val- 
ues outside of the ranges may be acceptable if other 
relevant factors are manipulated to produce the desired 
results. The shield 42 both attenuates and reflects noise 
above a certain frequency threshold. 
[0014] As shown in FIGS. 5 and 6, the shield 42 is 
actuated along partial sections of the jet nozzle exit cir- 
cumference rather than axisymmetrically so that the ra- 



diated sound can be attenuated and reflected in specific 
directions with minimum deployment of shield mass- 
flow and minimum impact on the engine performance. 
The thermal shield 42 can be deployed so as to deflect 
5 the noise radiated to the ground, as shown in FIG. 5, or 
can be deployed to minimize noise radiated towards the 
engine sideline, as shown in FIG. 6 (configurable ther- 
mal shield). The proper shield configuration depends on 
the stage of the mission. A change in circumferential ex- 
tent and orientation is accomplished fluidically. A 
change in the angle of the shield can be realized by a 
technique for steering a flow using fluidics. In another 
embodiment, a fixed orientation that is at an acute angle 
with respect to the main jet axis may be employed. 
[0015] Turning now to FIG. 7, an exemplary thermal 
acoustic shield 42 is shown having a 1 80 degree arc. 
[0016] FIGS. 8, 9, and 1 0 together demonstrate how 
an angled thermal acoustic shield in cooperation with 
fluidic chevrons is effective in reducing noise and broad- 
ening the noise reduction directivity. 
[0017] FIG. 8 shows the empirically determined vari- 
ation of the directivity and attenuation in dB of noise of 
increasing frequency when a thermal acoustic shield is 
employed that is parallel to the jet axis. The preferred 
embodiment exploits the higher attenuation at high an- 
gles (approaching the jet axis at180 degrees). By em- 
ploying the shield at an angle not parallel to the jet axis, 
the region of high attenuation will shift to lower angles 
by an amount proportional to the angle of the shield with 
respect to the jet axis. As the jet engine passes a sta- 
tionary observer, the noise suppression would then be 
sensed sooner. Moreover, the attenuation is higher for 
higher frequency noise. Therefore, the shift to high fre- 
quency that naturally appears when using chevrons 
makes the thermal acoustic shield highly effective. 
[0018] Turning now to FIG. 9, a graph of decibels of 
transmission loss 52 versus angle to inlet in degrees 50 
is shown. It is shown that the natural attenuation for 
noise passing through a thermal acoustic shield is a 
strong function of the angle of the shield axis to the wave 
propagation direction. Noise radiating perpendicular to 
the shield is not attenuated but noise radiating at an an- 
gle of 30 to 60 degrees with respect to the shield is sig- 
nificantly attenuated. The use then of an angled thermal 
acoustic shield at roughly 5 to 60 degrees, and more 
specifically between 15 to 45 degrees from the jet axis 
(or 135 to 165 degrees to the inlet axis) is shown to im- 
prove the attenuation of the noise. 
[0019] FIGS. 10 and 11 show the influence of the ther- 
mal acoustic shield 42 on Perceived Noise Level direc- 
tivity of unsuppressed annular plug and 32-chute sup- 
pressed nozzles at cutback cycle. The result shows the 
reduction of perceived noise when the thermal acoustic 
shield is employed alone (FIG. 10). When a 32-chute 
mixer is employed, which shifts jet noise to higher fre- 
quencies like the fluidic chevrons do, the parallel ther- 
mal acoustic shield performs significantly better (FIG. 
11) for all angles from the jet axis (zero being the flight 
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direction). Only in the core of the jet directly behind the 
engine is the TAS not effective in reducing noise. The 
graphs show that the noise peaks at angles between 
120 and 130 degrees to inlet. 

[0020] Relative to mechanical systems, such as me- 
chanical chevrons, the proposed fluidic technology has 
the advantage that it can be activated on demand to re- 
duce jet noise and can be used to produce a number of 
different exhaust jet configurations at different stages of 
the mission for maximum overall noise reduction bene- 
fits. Reconfiguration, of the shield 42 can be utilized to 
reduce sideline noise during a take-off roll (FIG. 6) then 
reoriented to reduce downward noise (FIG. 5) as the air- 
craft crosses the airport boundary. Unlike mechanical 
systems, the fluidic system limits additional engine cycle 
impact to the noise-sensitive portions of the flight such 
as take-off and landing without affecting engine per- 
formance for the remainder of the flight. 
[0021] Fluidic chevrons 40 and the configurable ther- 
mal acoustic shield 42 can be activated on demand dur- 
ing the noise-sensitive portions of the flight such as ter- 
minal operations in which take-off, climb-out, prepara- 
tion for landing, and landing, place the aircraft over noise 
sensitive areas and then turned off for the remainder of 
the flight. This feature minimizes the impact of the noise 
reduction technology on the engine cycle and limits any 
adverse efficiency impact to take-off and landing oper- 
ations. 

[0022] Thus, the synergistic use of on-demand fluidic 
chevrons 40 and thermal acoustic shield 42 for jet noise 
reduction has been described. The fluidic chevrons re- 
duce noise levels and shift the remaining noise energy 
to higher frequencies. The thermal acoustic shield when 
directed at an angle to the jet axis improves the direc- 
tivity of noise reduction and attenuates effectively the 
high frequency noise. The combination, therefore, sig- 
nificantly improves the overall noise level than when 
each element is used independently. Further, the use of 
fluidic technology enables a number of optimal jet en- 
gine configurations for maximum noise reduction and 
minimum engine cycle penalty at different stages of the 
mission and in different environments. 



Claims 

1. A system for jet engine noise control of a jet engine 
having a main jet (32) stream exiting a nozzle exit 
(44) and flowing along a jet axis (30), the system 
comprising: 

a flluidic chevron (40) injected at a location rel- 
ative to the nozzle exit (44) for creating a non- 
circular jet stream; and, 
a thermal acoustic shield (42) directed at a non- 
zero angle to the jet axis for selective noise re- 
duction. 



2. The system of claim 1 further comprising a plurality 
of fluidic chevrons (40). 

3. The system of claim 1 wherein the flluidic chevron 
5 (40) is injected at an angle between 0 and 60 de- 
grees relative to the jet axis (30). 

4. The system of claim 1 wherein the nozzle exit (44) 
has a lip and the flluidic chevron (40) is injected in- 
ternally of the nozzle lip. 

5. The system of claim 1 wherein the nozzle exit (44) 
has a lip and the flluidic chevron (40) is injected ex- 
ternally of the nozzle lip. 

The system of claim 1 wherein the flluidic chevron 
(40) is injected upstream from the nozzle exit (44). 

The system of claim 1 wherein the flluidic chevron 
(40) is injected at a non-parallel angle to the jet axis 
(30). 

8. The system of claim 1 further comprising a pair of 
thermal acoustic shields (42) for lateral noise reduc- 
tion. 

9. The system of claim 1 further comprising a single 
thermal acoustic shield (42) for flyover noise reduc- 
tion. 

10. The system of claim 1 wherein the flluidic chevron 
(40) and the thermal acoustic shield (42) is turned 
on during take-off and landing of a flight module and 
turned off during all other portions of the flight. 
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FIG. 4A 

VG Jet at Nozzle lip (internal) 




FIG. 4C 

VG Jet at Nozzle inner wall 
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FIG. 5 FIG. 6 

Flyover noise reduction Lateral noise reduction 




FIG. 7 



Thermal Acoustic Shield (TAS) deployed on an annular jet 
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FIG. 8 

Data on Noise Reduction due to TAS 
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FIG. 11 

Noise Reduction due to TAS- "Chute" Nozzle 
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